and "ascending segment" (see the y in Figure 1C ) of the muscular band. Relative to the LV axis, these fiber bundles in these layers are predominantly oriented at w60 so that when the layers are folded on top of each other to form the LV free wall, the muscle bundles of the inner layer are oriented at þ60 while those of the outer layer are oriented at predominantly À60 ( Figure 1F ). Within the muscle bundles identified by Torrent-Guasp, there is a complex secondary structure of muscle fibers which he likened to the fibers of a multistranded rope. Accordingly, some
T heories concerning the organization of myocardial fibers in normal mammalian hearts and its relationship to function have been the topic of research for centuries (1) . Recently, one relatively easy to understand, clinically relevant theory has emerged based on the work of Francisco Torrent-Guasp which has been brought to the forefront largely through the efforts of Gerald Buckberg (1) (2) (3) . Torrent-Guasp developed a simple method of blunt, hand dissection of hearts after softening connective tissues by boiling them in water. He showed that the normal ventricular myocardium consists of a single, muscular band that extends from the pulmonary artery to the aorta, with the chambers formed by a well-defined wrapping of this band around the heart's axis. This is best appreciated when the band is unwrapped during the dissection process via naturally occurring dissection planes as shown in sequence of images in Figures 1A to 1E . It is demonstrated that the left ventricular (LV) free wall consists of 2 main layers resulting from the overlap of the socalled "descending segment" (see the * in Figure 1C) and "ascending segment" (see the y in Figure 1C ) of the muscular band. Relative to the LV axis, these fiber bundles in these layers are predominantly oriented at w60 so that when the layers are folded on top of each other to form the LV free wall, the muscle bundles of the inner layer are oriented at þ60 while those of the outer layer are oriented at predominantly À60 ( Figure 1F ). Within the muscle bundles identified by Torrent-Guasp, there is a complex secondary structure of muscle fibers which he likened to the fibers of a multistranded rope. Accordingly, some
anatomists have arrived at more complex (e.g., up to 7 muscular layer) models of the myocardial wall.
Nevertheless, the dominant angles identified by Dr. Guccione has served as a consultant to Dassault Systemes. Under normal conditions, the heart exhibits a net torsion of w15 . It is observed clinically that as ejection fraction decreases and the heart remodels, torsion also decreases. Dissections of hearts from patients with heart failure and reduced ejection fraction provide insights into the mechanism (3).
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Specifically, ventricular dilation is associated with stretching and reorientation of the muscle bundles in such a manner that the relative angle between the main fiber bundles is markedly reduced, with the fibers in both layers coursing more circumferentially 
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A New Twist on Mitral Regurgitation of factors, such as fiber orientation, contractility, hemodynamic load, and nonhomogenous distribution of muscle properties, can be investigated (e.g., see reference [7] for a recent analysis of torsion).
The fact that torsion increases with severe aortic stenosis (rather than decreases) (8) As new, less-invasive interventional methods become available for treating mitral regurgitation (12) , there will be the opportunity to treat a larger number of patients, particularly those who are more symptomatic and less likely to be treated surgically.
Efforts to identify patients most likely to benefit from such procedures is of prime importance. Such efforts will assuredly be aimed at noninvasive approaches such as offered by ultrasound speckle tracing. In this regard, the correlations between pre-operative torsion and clinical outcomes observed by Notomi et al.
(10) deserve further investigation in larger studies.
Also, in view of the nonspecific nature of ventricular torsion, it should be noted that newer techniques such as second-order motion-compensated spin echo diffusion tensor imaging that allow for high spatialand temporal-resolution quantification of fiber angles within the wall of the human heart in vivo may permit such questions concerning changes in myocardial architecture to be addressed through direct measurements (13).
